Purpose Inguinal hernia repair is frequently performed in premature infants. Evidence on optimal management and timing of repair, as well as related medical costs is still lacking. The objective of this study was to determine the direct medical costs of inguinal hernia, distinguishing between premature infants who had to undergo an emergency procedure and those who underwent elective inguinal hernia repair. Methods This cohort study based on medical records concerned premature infants with inguinal hernia who underwent surgical repair within 3 months after birth in a tertiary academic children's hospital between January 2010 and December 2013. Two groups were distinguished: patients with incarcerated inguinal hernia requiring emergency repair and patients who underwent elective repair. Real medical costs were calculated by multiplying the volumes of healthcare use with corresponding unit prices. Nonparametric bootstrap techniques were used to derive a 95 % confidence interval (CI) for the difference in mean costs. Results A total of 132 premature infants were included in the analysis. Emergency surgery was performed in 29 %. Costs of hospitalization comprised 65 % of all costs. The total direct medical costs amounted to €7418 per premature infant in the emergency repair group versus €4693 in the elective repair group. Multivariate analysis showed a difference in costs of €1183 (95 % CI -1196; 3044) in favor of elective repair after correction for potential risk factors. Conclusion Emergency repair of inguinal hernia in premature infants is more expensive than elective repair, even after correction for multiple confounders. This deserves to be taken into account in the debate on timing of inguinal hernia repair in premature infants.
Introduction
Inguinal hernia repair is the most frequently performed procedure in pediatric surgery. The cumulative incidence of inguinal hernia is up to 9.0 % in prematurely born children. More than half these patients will undergo hernia repair in the first year of life [1, 2] .
Eventually all premature infants with an inguinal hernia have to undergo surgical repair [3] [4] [5] . However, evidence on the optimal management and timing of inguinal hernia repair in these neonates is lacking. Delayed repair seems appealing as premature infants often have concomitant comorbidities and are vulnerable for perioperative complications [2] . On the other hand, delaying elective repair can be complicated by incarceration, in which case emergency surgery is needed. In a previous study we showed that more than 50 % of premature infants with an inguinal hernia present with a symptomatic inguinal hernia, and emergency repair was needed in more than half of these cases due to incarceration [6] . Emergency repair is associated with a higher risk of surgical and anesthetic complications and has been found to result in a longer duration of hospitalization, more readmissions, and even reoperations [2, 6] .
To prevent possible emergency repair in premature infants, some surgeons prefer to perform surgery during the birth hospitalization, before discharge from the neonatal intensive care unit (NICU). Although this intervention prolongs initial hospitalization, it avoids readmission for elective repair [7] . Delayed elective repair may also result in repeated herniation and reduction at the emergency department (ED), multiple visits to the outpatient clinic (OPC), and perhaps a longer perioperative admission on the pediatric ward or NICU, which is likely to raise direct medical costs [8, 9] .
The timing of surgery is mostly based on expert opinion and the surgeon's personal preference. In the current era of tightening budgets, economic aspects have captured the interest of healthcare policy makers [10, 11] . Except for a mid-1980s study that compared treatment costs in premature infants operated on prior to discharge from the NICU and in full-term infants operated on as outpatients, there are no data on costs of inguinal hernia repair in premature infants in relation to timing of repair [7] . Bearing in mind that surgery in premature patients is very costly, insight into the actual costs of different strategies in inguinal hernia repair would be relevant for planning and organization of care, for supporting clinical decisions, and for efficient allocation of health care resources.
The objective of this study was to compare the medical costs of inguinal hernia repair in premature infants between patients who had to undergo emergency repair and those who underwent elective repair.
Methods

Setting and patients
A cohort study on medical records was performed at a tertiary academic children's hospital in the Netherlands. All premature infants (defined as gestational age \37 weeks) who presented at the ED or at the OPC and operated on for inguinal hernia within 3 months after birth between January 2010 and December 2013 were included. They were identified from the electronic hospital data systems and medical charts using the so-called ''Centraal Orgaan Tarieven Gezondheidszorg'' (COTG) codes (unilateral inguinal hernia repair: CTG335700; bilateral inguinal hernia repair: CTG335701; incarcerated inguinal hernia repair without bowel resection: CTG335702; incarcerated inguinal hernia repair with bowel resection: CTG334639; recurrent inguinal hernia repair: CTG335710).
Study groups and patient exclusion criteria
Two groups of premature infants were distinguished: (1) those who underwent elective inguinal hernia repair and (2) those who had to undergo an emergency procedure because of incarceration of contents in the hernia sac. Emergency surgery was defined as inguinal hernia repair performed within 24 h after incarceration and not scheduled on the surgeon's elective procedure list. Patient characteristics and clinical data were collected from medical records and have been published already [6] . Premature infants who were initially admitted for conditions other than inguinal hernia, who were still hospitalized since birth, or who were admitted more than 72 h before surgery, were excluded because it was not possible to separate costs associated with inguinal hernia from costs associated with treatment for other conditions. All patients were operated on after discharge from their birth hospitalization; in all prematures general anesthesia were used, whether or not combined with a caudal block or loco-regional anesthesia. Premature born infants operated on with a gestational age of 40 weeks or younger, were postoperatively admitted to the NICU. Patients with a gestational age of 40-45 weeks had to stay in the recovery room for 2 h after which they were admitted to the ward. This institutional policy is based on national guidelines from the Dutch Society of Anaesthesia. Prolonged mechanical ventilation was only performed if clinically indicated, mostly due to pulmonary comorbidities.
Cost calculation
Direct medical costs were considered to be all costs within the hospital sector directly related to the studied treatment, including the hospital's outpatient setting. Per patient, we took into account (1) costs of hospitalization (NICU or high care or medium care unit, and readmissions); (2) costs of outpatient care (i.e., visits to OPC, visits to ED, and telephone consultations); (3) costs of diagnostic procedures and perioperative care (i.e., ultrasound and anaesthesiologist consultations); and (4) costs of surgical procedures (i.e., operating rooms (OR), OR during after hours, reoperations and costs of anaesthesiologists and surgeons). Table 1 provides an overview of the cost categories and the unit prices used in the cost calculations.
Real medical costs were calculated by multiplying the volumes of healthcare use with the corresponding unit prices. Unit prices were determined with the micro-costing method, which implies a detailed inventory and measurement of all resources used [12, 13] . For hospital days, the cost price included costs for nursing staff, buildings, and equipment (specialists' fees not included). The unit price for the NICU was calculated for each calendar day an individual was hospitalized; the unit price for a stay on the medium-or high-care was calculated per overnight stay. Regarding the costs of the surgical procedure, the cost price included fees of the surgeons and anesthesiologists, costs of the OR, including costs of OR assistants, anesthesiology nurses, equipment, buildings, etc. For visits to the ED and OPC, preoperative consultation, and ultrasounds, the cost price included the fees of the surgeons, anesthesiologists, and radiologists. All admissions due to a reoperation or admissions that were inguinal hernia related, or related to the first admission, were interpret to be readmissions. We reported costs in Euro for the first of January 2014, when 1 Euro (€) equalled approximately 1.38 US Dollar.
Data analysis SPSS 21.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. Fisher exact tests and Mann-Whitney U tests were used to compare costs of emergency-and elective repair. Since cost data per patient are typically highly skewed, we used nonparametric simple bootstrap techniques with a 1000 samples. To derive a 95 % confidence interval for the differences in distributions of the direct medical costs, we used the percentile bootstrap method. We used a linear regression model to control for confounders. Potential risk factors with a p value \0.05 were included in the model (i.e., birth weight, age at repair, history of bradycardia, and mechanical ventilation). A p value of \0.05 was considered statistically significant.
Results
Between January 2010 and December 2013, 142 premature infants underwent inguinal repair within 3 months after birth. Ten patients were excluded because they were admitted more than 72 h before surgery. The mean gestational age at birth was 34 weeks (SD 17 days). Mean birth weight was 1916 g (SD 543 g), mean follow-up was 27 weeks (SD 15 weeks), and mean time from diagnosis to surgery was 13 days (SD 12 days).
Seventy-two of the 132 included infants (55 %) presented with a symptomatic inguinal hernia, of whom 38 (29 %) needed subsequent emergency repair due to incarceration within 24 h. In the other 34 infants (26 %), the symptomatic hernias could be reduced manually and delayed elective surgery was performed. Nine patients had no incarceration at first presentation, but returned to the ED with an incarcerated hernia and had to undergo emergency surgery. Table 2 presents characteristics of the two groups. Mean birth weight of patients who needed emergency repair was significantly lower than that of patients who underwent elective repair (1738 vs. 2001 g). Mean post conception age at the time of repair was 41 weeks (SD 3.2 weeks) in the emergency group and 44 weeks (SD 2.8 weeks) in the elective repair group (p \ 0.001). Mean age at diagnosis was 53 days (SD 18 days) versus 53 days (SD 14 days; p = 0.805), respectively. Mean time between first presentation and repair was 18.0 days (SD 10.7 days) for elective repair and 1.8 days (SD 2.9 days) for emergency repair (p \ 0.001). Mean weight at repair was After elective surgery 48 out of 94 (51 %) patients were admitted to the NICU and after emergency repair 37 out of 38 (97 %; p \ 0.001). Seven (18 %) patients needed prolonged mechanical ventilation at the NICU after emergency repair versus two (2 %) after elective repair (p = 0.002). The median duration of prolonged mechanical ventilation was 123 min (range 31; 2379 min). The recurrence rate after an emergency procedure was significantly higher than that after elective repair (13 vs. 2 %; p = 0.021).
Cost analysis
Based on the cost prices outlined in Table 1 , the mean total costs per patient amounted to €5477 (SD €3280). Contributions of four different cost components to the total costs are outlined in Fig. 1 . At mean €3573 (SD €3280), cost of hospitalizations made up two thirds of the total costs. The mean costs of the surgical procedures were €1385 (SD €1181), of perioperative consultation €107 (SD €92), and of OPC and/or ED visits €412 (SD €302).
Emergency repair resulted in 1.58 times higher total costs compared with elective repair: €7418 (SD €4484) versus €4693 (SD €3465; p \ 0.001), respectively. These are further detailed in Table 3 . Except for the costs of perioperative consultations, costs for all categories were higher on average in the case of emergency repair. The difference in costs of hospitalizations (€1501) accounted for more than half of the difference in total costs between the two patient groups (€2725).
When we controlled for possible confounding variables in the linear regression analysis (i.e., birth weight, age at repair, history of bradycardia, mechanical ventilation and emergency repair), the difference in total costs between emergency and elective repair remained €1183 (95 % CI -1196; 3044) in favor of elective repair. None of the variables included in the linear regression analysis were found to be contributing significantly to the total costs.
Discussion
Insight into the actual costs of different strategies in inguinal hernia repair would be relevant for planning and organization of care around premature infants with inguinal hernia. The present study is the first study that provides information about the true medical costs of inguinal hernia repair in premature infants, comparing elective and emergency repair. Emergency repair appeared to be associated with significantly higher direct medical costs. Hospitalization was accountable for approximately two thirds of the total costs. Therefore, reducing length of stay on the ward and NICU could be an important target for cost reduction. The mean costs of hospitalization after elective repair were lower compared to costs after emergency repair. Almost all premature infants who had to undergo emergency repair were postoperatively admitted to the NICU and immediately discharged after overnight observation without admission to the high-or medium care unit. The question arises whether all patients should be admitted to the NICU postoperatively after an emergency procedure, or whether it would be possible to select only those who really need close observation. Very-low-birth weight premature infants with severe comorbidities are more likely to develop postoperative respiratory and cardiac incidents; obviously, a close observation or intervention on the NICU is advised for those [14] [15] [16] . The incarceration rate in our study population is relatively high compared to literature [2, 4, 17] . This can be explained by the fact that our hospital is the only tertiary academic pediatric hospital in the region and covers 4.5 million inhabitants. Our hospital is the only hospital in its region that is allowed to perform surgery in premature infants. Additionally, it also explains the relatively high recurrence rate because all patients with recurrences hernia will always return to our institution.
There were significant differences between the two study groups in pulmonary comorbidities, birth weight, weight at repair, age at repair, age at diagnosis and prolonged mechanical ventilation, which could be explained by the longer hospitalization and NICU stays in patients after emergency surgery. Still, preventing these patients from emergency repair could result in a reduction of costs. Only one other study made a cost analysis of inguinal hernia in premature infants [7] . This study compared premature infants with full-term born infants, however, these groups are hardly comparable in terms of comorbidity, risk factors, and complications. In this study all premature patients underwent surgery with the use of general anesthesia. However, the use of spinal anesthesia alone can be advocated in patients with pre-existing diseases and incarceration undergoing inguinal hernia repair [18] . The costs of preoperative consultation of anaesthesiologist were significantly higher in the elective repair group. If patients were scheduled for elective repair, it was common practice in our hospital to consult an anaesthesiologist; in case of emergency surgery this was omitted.
The health-and peri-operative care around premature born infants have dramatically changed over the last three decades and new technical advances in neonatal surgery have driven up health care costs [10] . The policy to perform surgery during birth hospitalization before discharge from the NICU is still relevant, as this could prevent these neonates from readmissions and incarceration resulting in emergency surgery. Early herniotomy has already shown to improve postoperative outcomes without increasing postoperative bradycardia, apnea and other events [5] . Nevertheless, repair of inguinal hernia before discharge from the NICU is associated with a prolonged hospital stay [4] . Sufficient capacity, resources and a decision-making tool enabling surgery at least 1 week before planned discharge could solve this problem. Early surgery, on the other hand, is associated with a higher risk of surgical and anesthetic complications in view of the infant's lower body weight. The present study has limitations. Selection bias could have occurred due to the absence of a protocol on timing of inguinal hernia repair in premature infants. Furthermore, a financial analysis is dependant on the local financing process, and local institutional policies (e.g., in our institution, specialists' fees are similar during day and night shifts and admission to the NICU postoperative for patients under the gestational age of 40 weeks).
Keeping this limitation in mind, we provide solid evidence on the direct medical costs of emergency repair in premature infants. It appeared that emergency repair is almost 60 % more expensive than elective repair. Therefore, it can be argued that preventing premature infants from incarceration, for which often emergency repair is needed, will reduce aggregate direct medical costs. Further evidence on actual costs of different strategies in inguinal hernia repair in premature infants would be welcome as a basis for the development of decision-making tools. For instance, it would be worth knowing the additional costs of performing surgery during the birth hospitalization compared to the costs of elective surgery when delayed. Outcomes of new prospective randomized trials, including cost-effectiveness, will help allocate health care resources even more efficiently.
